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Abstract  
Digital elevation models (DEMs) are quantitative representation of the continuous topography of ground surface and 
terrain attributes derived from the DEMs are often used as inputs for many ecological modeling. However, DEM 
producers are confronted with varying accuracy requirements. In the current study, a new index, Horizontal Area 
Deviation (HAD), is proposed for DEM quality assessment using Reconstructed Contours Method (RCM). Examples 
of this method were presented for two study areas with different landforms. The results showed that HAD is an 
effective and easily used approach for assessing DEM quality. 
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1.Introduction  
Digital elevation model (DEM) is a kind of quantitative representation of the continuous topography 
of ground surface. The applications of DEMs involve in quantitative analysis of landscape, hydrological 
analysis, simulation of soil erosion, and engineering design[1-4]. In the past decades, we have seen 
greatly increased availability of DEMs[5-9]. An issue with the topography-based model has been that 
how to assess the quality of a DEM, for the quality of DEM-derived products rely on the accurate of the 
DEM. 
In recent years, Reconstructed Contours Method (RCM) was used to assess the precision of DEMs. 
The underlying principle of RCM is to find out a specified amount of deviation between original contours 
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and re-generate contours derived from a given DEM. Several studies have reported the evaluation of 
DEM quality using RCM. For example, Wang et al. (2010) used two indices, level offset degree of 
reconstructed contours and offset error of reconstructed important terrain lines, to evaluate DEM 
accuracy [10]. Fan et al. (2008) proposed a quantitative methodology based on set theory for objective 
assessment of errors of contour maps generated from DEMs [11]. Qin and Jiao (2008) employed buffer 
superposition to assess DEM precision [12]. Tang et al. (2007) applied contour-matching-difference to 
evaluate the  quality of DEMs [13,14]. Unfortunately, the quantitative assessment approaches for DEM 
accuracy are still limited. 
In this paper, a novel approach for quantitative assessment of DEM quality was introduced using 
RCM based on ANUDEM which is a commonly used interpolation techniques in recent terrain analysis. 
The performance of the method was tested in two areas with different landforms. 
2.Principle of horizontal area deviation (HAD) 
Original contour lines derived from the real terrain are important sources to generate a raster DEM and 
can be used as a standard to evaluate the precision of the DEM. Reconstructed contours lines derived 
from the raster DEM could have some deviation from the source since the uncertainty and irregularities 
of the terrain has greatly negative impact on the surface simulation.  
An example of overlap of original contour lines and reconstructed contour lines is shown in Figure 1. 
Projection zone of original contour lines filled with horizontal lines is defined as set A, the other zone 
filled with vertical lines is defined as set B which is the projection of reconstructed contours. Obviously, 
there are more or less the existence of deviation area between set A and set B. Let X be the area of set B 
outside set A and Y be the area inside set A. Therefore, Horizontal Area Deviation (HAD) is given as 
follow. 
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where n  is the number of contours of the study area, iX  and iY  are i th X and Y, respectively, im  is the 
area surrounded by i-1th and i+1th original contour lines. 
HAD represents the dispersion of original contour lines and reconstructed contour lines. The larger the 
value of HAD, the lower quality of DEMs.  
 
   
 Original contours 
Reconstructed contours 
 
Fig.1 An example of the overlapping pattern of original and reconstructed contours. 
 The performance of the proposed method was compared with root mean square error (RMSE) which 
is a common indicator for assessment of DEM accuracy. RMSE can be defined as: 
Y 
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where kZ  and kR  are observed and estimated elevation, respectively. 
3.Case study 
The approach was tested in two areas with different topography characteristics, zone A ΰsurface 
curvature is 70.78, S.D. of elevation is 5.09α and zone B (surface curvature is 39.24, S.D. of elevation is 
3.16), (Fig.2-3). These two areas located at the upper reaches of Yangtze rive, southwest part of 
Chongqing, in China, lie between 29°21’ N and 30°01’ N latitude and of 106°56’ E and 107°43’ E 
longitude. 
ANUDEM, a commonly used interpolation techniques in recent terrain analysis, was applied. A series 
of vector contours (original contour lines) with 1 m interval and elevation data points were used to create 
ten different resolution DEMs (0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5 and 5.0 m). Reconstructed 
contours were derived from the DEMs generated above and were overlapped to the original contours. 
The work was completed in AcrGIS 9.3. 
 
Fig.2 Zone A (landform is complex) 
 
       Fig.3 Zone B (landform is flat relatively) 
The statistical results for HAD and RMSE were presented in Table 1. The indicator HAD showed 
similar trend to RMSE in both study areas. The determination coefficients of HAD and RMSE for zone A 
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and zone B were 0.8924 and 0.8883 (p<0.01), respectively. Both HAD and RMSE significantly increased 
with the increase in the grid size of DEMs with r2 of 0.9464 and 0.8632 for zone A and zone B, 
respectively. In addition, HAD and RMSE in zone B are both lower than zone A. This phenomenon can 
be explained due to the uncertainty and irregularities of relatively complex landform which have great 
negative effect on surface simulation. HAD is more reliable than RMSE, for the former considers the 
entire DEM area while the later is limited to elevation points.  
Table 1 HAD and RMSE with DEM resolution in each study area 
Zone Resolution˄m˅ HAD RMSE(m) 
A 
0.5 0.010 0.011 
1.0 0.023 0.015 
1.5 0.038 0.026 
2.0 0.072 0.066 
2.5 0.088 0.058 
3.0 0.072 0.047 
3.5 0.104 0.061 
4.0 0.110 0.090 
4.5 0.128 0.129 
5.0 0.132 0.116 
    
B 
0.5 0.008 0.009 
1.0 0.020 0.011 
1.5 0.044 0.039 
2.0 0.050 0.049 
2.5 0.062 0.060 
3.0 0.068 0.058 
3.5 0.104 0.053 
4.0 0.094 0.070 
4.5 0.122 0.110 
5.0 0.147 0.127 
4.Conclusion 
In the current study, a new index, Horizontal Area Deviation (HAD), is proposed for DEM quality 
assessment using Reconstructed Contours Method (RCM). The performance of the proposed method was 
compared with root mean square error in two study areas with different landforms. The results showed 
that HAD is an effective and easily used method for assessing DEM quality. 
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